Parabolized

Navier-Stokes Equation Formulation
The system of equations used to model the fluids and chemistry are the Parabolized Navier-Stokes equations. The PNS equations are obtained from the full Navier-Stokes equations by neglecting the unsteady terms and the viscous terms which involve derivatives in the streamwise direction.
In generalized coordinates the governing equations are:
where p is the pressure; r is the viscous stress; e is the internal energy and q is the conduction heat flux.
The terms E_, F_ and G_, indicate that the streamwise derivatives (with respect to _) have been neglected.
Parallel Implementation
The UPS code developed by Lawrence [4] [2] . The H-A body shape is based on classical supersonic slender body theory. The constraints the modified shape must conform to are based on the base area and
volume. An addition benefit of utilizing this specific geometry with the PNS flow solver is that the finite base accommodates the space marching methodology of the PNS flow solver.
One test case used the Ha_ck-Adams body at Mach 2.5, angle of attack at 0°, and a Re of 9 x 106. The step size used was l_0 of the body length with the grid consisting of 50 points in the normal direction and 21 points circumferentially. A sting has also been added to the geometry.
Both, inviscid and viscous cases were performed and the wave drag coefficient CD was used as the objective function. Three, four, five and six design variables were tested. 
RESULTS
The workstation implementation utilizing PVM executed in approximately 8 hours on a set of 5 dedicated machines [3] . Although the CRAY version executes in 2.5 hours the important contribution of the workstation implementation is its cost effectiveness. The workstation implementation utilizes otherwise unused and wasted computer resources [7] . For small business and industry this type of coupling can be very cost effective.
The wallclock time for the same H-A benchmark on the IBM SP2 platform is approximately 2 hours. In all cases, the CPU resources were dedicated to the execution of the IIOWA/UPS codes.
The IBM SP2 platform clearly provides superior throughput.
To study the speedupof the decomposed UPS versionconicalgeometries at 0 degreesangleof attackwasusedat supersonic velocities(Mach2.5). 
